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Abstract 
A short account is given of some features that are unique or extensively developed or intensely studied in tropical 
African water-bodies, and which are of fundamental limnological significance. They concern the origin and persistence 
of lakes and rivers; local evolution (endemism) and dispersal of species; cyclic lake stratification in relation to latitude 
and climate; salinity series and nutrient balance; plankton dynamics; aquatic food chains that are simplified and quan-
tifiable or with major recent change; colonisation of new or transient water bodies by extensively invasive species; and 
the significance of temperature difference and absolute magnitude as ecological factors.  
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Introduction
The early development of freshwater science came mainly 
from experience at middle latitudes, especially in Europe 
and North America. Even much later, exposition in 
textbooks—and comment among researchers—has tended 
to regard such experience as standard while regarding that 
from tropical and polar regions as curious extremes of 
descriptive rather than fundamental interest. This attitude 
has been reinforced by the unequal distribution of gross 
scientific effort and by its increasing sophistication and cost 
of equipment. The present contribution takes tropical Africa 
as its base and considers some distinctive or exceptionally 
well-displayed features that can reasonably be considered 
as contributing to fundamentals. 
Appreciation for the significance of these contributions 
is aided by some knowledge of the historical development 
of limnology in Africa (Talling 2006) and cross-connec-
tions with information from other tropical regions (Talling 
and Lemoalle 1998). Some citations are taken from 
monographs on particular waterbodies, which in tropical 
Africa now include lakes Kariba (Balon and Coche 1974, 
Moreau 1997), Kainji (Imevbore and Adegoke 1975), 
Chivero (formerly McIlwaine; Thornton 1982), Nubia-
Nasser (Bishai et al. 2000), Chilwa (Kalk et al. 1979), Chad 
(Carmouze et al. 1983), Tanganyika (Coulter 1991), and 
among rivers the Niger (Grove 1985) and the Nile system 
(Rzóska 1976, Dumont 2009). There are also accounts of 
major issues in groups of lakes, some of sub-Saharan and 
East Africa (Livingstone and Melack 1984, Johnson and 
Odada 1996, Lehman 1998) and some in the Ethiopian Rift 
(Tudorancea and Taylor 2002).
Ancient origins and persistence of lakes 
and rivers
Striking features of African waters are the abundance of 
large and varied lakes (Fig. 1), the ancient origins of some, 
and the great length with climatic transitions of some of 
its largest rivers. Geologically influential are the tectonic 
characters of a multiple “basin and swell” surface structure 
of the continent and extensive longitudinal rifting that dates 
from the Tertiary. These features are surveyed in various 
geological texts (e.g., Holmes 1978). An exception is 
L. Bosumtwi in Ghana, which originated from a meteoritic 
impact.
The longest, deepest, and oldest of the rift lakes are 
lakes Tanganyika and Malawi (formerly Nyasa), with 
deduced respective ages (although not for the present 
forms) of approximately 20 and 2 million years. Tanganyi-
ka’s age is matched only by L. Baikal, another rift lake in 
Siberia. In both cases, the existence of highly distinctive 
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animals has aroused interest since the 1860s. Those of 
Tanganyika, some of apparent marine affinity, led Moore 
(1903) to define “the Tanganyika problem” for which he 
proposed a hypothesis of origin from a Jurassic sea. Details 
of its proposal and reception are given by Fryer (2000). 
Though later rejected, this hypothesis can be regarded as the 
beginning of systematic African limnology (Beadle 1981). 
Less dramatic marine affinities in the present African fauna 
can be illustrated by the success therein of some originally 
marine groups, such as the Cichlidae among fishes.
The larger (in area) L. Victoria is of more recent origin 
(ca. 0.5 million years), and, although not a rift lake, it was 
affected by rifting to its west and east plus the connected 
flow-reversal and capture of originally west-flowing 
tributaries of the Congo drainage. The persistence of 
water within its basin is a matter of current controversy. A 
completely dry interval about 15 000 years ago was deduced 
from the stratigraphy of recent sediment cores (Johnson et 
al. 1996, Stager and Johnson 2008) but has been challenged 
by Fryer (1997, 2001, 2004) from its major evolutionary 
implications, because many endemic species, including a 
species-flock of cichlid fishes, have developed in the lake. 
Elsewhere in Africa, lakes with phases of falling 
water level, evaporative concentration, and possibly final 
extinction are richly represented. Time-sequences are 
known from direct observation of recent examples such 
Fig. 1. Geographical distribution of major waterbodies within Africa. Names of shallow lakes are underlined. Modified from Talling (1992).
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as lakes Chilwa (Kalk et al. 1979), Chad (Carmouze et al. 
1983), and Elmenteita (Melack 1988), as well as analysis of 
layered sediments (e.g., Richardson and Richardson 1971, 
Gasse 1977, 1987, Johnson and Malala 2009). In rift lakes 
the range of such changes in level could reach hundreds of 
metres. The chemical and biological consequences are of 
exceptional interest. The scope and achievements in African 
palaeolimnology exceed those from any other tropical 
region. They point to the dominance of water balance over 
the direct temperature factor that, as influencing glaciation 
and biotic sequences, is prominent at higher latitudes.
Even major rivers are usually geologically transient 
features on the earth’s surface. The history of the Nile is 
in part exceptional. It was recently surveyed for the later 
Cenozoic by Talbot and Williams (2009) and over the late 
Quaternary by Williams and Talbot (2009). Currently the 
total downstream discharge is dominated by the contribu-
tion of the Blue Nile based on seasonal rains in Ethiopia, 
but the more western contribution by the White Nile is 
critical for dry-season discharge and has depended on a his-
torically variable component from lakes of the western rift 
branch, most proximally L. Albert, and relatively recently 
from L. Victoria. 
The present year-round persistence of Nile flow through 
a long tropical and virtually rainless desert region is a 
feature unmatched elsewhere on this scale. In the neigh-
bouring Saharan region, an abundance of earlier aquatic 
habitats (“the Sahara before the desert”) that followed a still 
earlier arid-humid transition was nearly extinguished by 
climate change, but there are fossil (e.g., Daget 1959) and 
pictographic (e.g., Lhote 1958) records and some isolated 
survivals of their inhabitants. Current climatic changes 
probably account for small increases in the temperature of 
water at depth in records from lakes Tanganyika, Malawi 
(Vollmer et al. 2005), and Victoria (Sitoki et al. 2010) over 
the last 60–82 years.
Evolutionary origins and dispersal
The well-known association of ancient lakes with 
endemic animal inhabitants is strongly developed in 
Africa. The abundance of endemics from many groups in 
L. Tanganyika, surveyed by Coulter (1991), is exceeded 
only in L. Baikal. That in lakes Malawi and Victoria is 
also striking, especially for the cichlid fishes (Fryer and 
Iles 1972, Greenwood 1974, Lowe-McConnell 1975). 
Comparisons that include modern genetic analysis are 
available for all 3 lakes (Martens et al. 1994, Meyer et al. 
1994, Seehausen et al. 2003, Verhagen et al. 2003).
Several groups of animals show evolution into local as-
sociations of endemic species, although that of the cichlids 
is outstanding numerically. This group in L. Malawi has 
provided examples of differentiation ascribed to partly 
allopatric (spatially separated) and partly sympatric 
(spatially coexisting) speciation (Fryer and Iles 1972). 
Divergences of breeding, feeding, and other habits are 
richly illustrated, but a supposed restrictive influence of 
predation in Africa on speciation of the prey has been con-
troversial (Fryer 1965, Jackson 2000). Genetic analysis 
indicates that in L. Tanganyika the evolution of cichlids 
involves a greater change than that in lakes Malawi and 
Victoria. The character differences in the latter lakes, 
however, are sufficiently basic to render a relatively short 
period of about 14 000 years for their later evolution in L. 
Victoria (an already mentioned and disputed claim based on 
core stratigraphy) an enigma, difficult to accept if possible 
refuges, later immigration, or exceptionally high rates of 
genetic change (Seehausen 2001, Elmer et al. 2009) are 
rejected.
Fryer (1969) has surveyed other examples of distinctive 
evolution in African freshwater animals, including that of 
parasitic crustaceans. Problems of geographical distribu-
tion and imputed routes of dispersal are also raised by oli-
gochaetes, some crustaceans, and insects in circum-Saharan 
and Nilotic regions (see several contributions in Dumont 
2009).
Lake stratification
Patterns of stratification arise when the density of surface 
water is lower than that of deep water. The difference is 
most often the consequence of temperature difference, 
itself a consequence of an energy budget in deficit (cooling) 
or excess (warming) over time combined with a very 
nonlinear relationship between density and temperature, or 
the lateral intrusion (advection) of warmer or cooler water. 
It may also result from, or be enhanced by, the presence at 
depth of more saline water. The alternation of stratified and 
unstratified conditions over time is most often regular and 
cyclic, on the day–night or seasonal time scales.
Day–night (diel) cycles have been studied in exceptional 
detail in tropical Africa. They are accentuated by high input 
of solar radiation combined with strong nocturnal back-radia-
tion, which is increased under clear skies with low humidity, 
as in the Sudan (Talling 1957, 1990). In equatorial L. George, 
daily cycles extend strongly to chemical and biological 
components and to dominate events in the shallow water 
mass (Viner and Smith 1973, Burgis 1978). In L. George, 
as in exceptionally productive waters elsewhere, heightened 
importance develops from the entrainment of biological 
mass-distributions and chemical influences. Complete de-
oxygenation at night has been demonstrated in one very 
productive Ethiopian lake (Talling et al. 1973).
Seasonal destratification often occurs in deeper lakes 
worldwide but, in the absence of a “true” winter, it can 
arise from factors other than a minimum of solar radiation. 
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For some Ethiopian lakes, there is evidence for a linkage 
to minimum humidity and higher back-radiation (Wood 
et al. 1976). In a shallow West African lake, the nocturnal 
lower temperatures linked to the local harmattan wind plus 
convective penetration were responsible (Hare and Carter 
1984). A hydrological inducement by water replacement 
is promoted by a concentrated rainy season common in the 
tropics, as in successive basins of L. Kariba (Coche 1974).
As a lake-rich continent, Africa uniquely presents a 
latitudinal series of lakes extending through the tropics and 
subtropics on either side of the equator. This circumstance 
has enabled the demonstration of a latitudinal seriation in 
the timing of surface warming and the seasonal stratifica-
tion cycle, with linkage to the annual cycle of radiation 
input complicated by deviations associated with rainy 
seasons (Talling 1992, Talling and Lemoalle 1998). Within 
the southern hemisphere there is an influence, common to 
many lakes, of the seasonal south-east Trade Winds that are 
part of a monsoon system. Huge wind-induced tilts of the 
thermocline occur along the axis of L. Tanganyika (Coulter 
and Spigel 1991). There is evidence for oscillations of 
higher frequency as internal waves here and in L. Malawi, 
for semi-diurnal tides of lunar origin in L. Kariba (Ward 
1979), and for longitudinal bottom profile-bound flows from 
shallow end-regions of lakes Albert and Malawi (Talling 
1963, Patterson et al. 1998). Nevertheless, there is also 
evidence (summarised by Coulter and Spigel 1991) from 
the isotopes deuterium, oxygen-18 and carbon-13 for the 
long isolation of deep water in L. Tanganyika and, in lesser 
degree, L. Malawi. Lake Kivu has appreciable geothermal 
heating of deep water, associated with an unusual stepped 
thermocline (Newman 1976). Here the hypolimnetic water 
has an enormous accumulation of methane; elsewhere, in 
the Cameroonian crater lake of Nyos, there has been an ac-
cumulation and catastrophic release of carbon dioxide of 
magmatic origin (Kling et al. 1987). 
The influence of vertical difference of salinity as 
a source of stability, extending or over-riding that of 
temperature, has many African examples (e.g., Ochumba 
and Kibaara 1988). There is a unique demonstration of 
the influence of deep silicate from L. Malawi (Wüest et al. 
1996) and of long-term variation linked to variable annual 
rainfall in L. Sonachi in Kenya (MacIntyre and Melack 
1982).
Solutes and nutrient balance
In Africa, as elsewhere, the relative importance of nitrogen 
(N) and phosphorus (P) limitations of biological production 
has been debated. An early chemical survey of African 
lake waters (Talling and Talling 1965) pointed to possible 
N limitation linked to a prevalence of low nitrate concentra-
tion, a feature now known to be widespread in tropical fresh 
waters and associated by Lewis (2002) with the positive 
effect of high temperature on denitrification. In contrast, con-
centrations of phosphate are often considerable, notably so in 
African lakes and rivers affected by drainage in the western 
Rift. Experimental tests with phytoplankton, reviewed by 
Talling and Lemoalle (1998) and Guildford et al. (2003), 
partly support the thesis of widespread N limitation (e.g., 
Moss 1969), but others have supported a predominant 
P limitation (Melack et al. 1982, Kalff 1983), albeit largely 
from evidence with lower temperatures at considerable 
altitude in Kenya. There is some evidence for both types 
of limitation from the C:N:P ratios in particulate matter 
in African waters (e.g., Dufour et al. 1981, Hecky et al. 
1993), from several physiological tests (North et al. 2008), 
and from the seriation of total P concentration in relation to 
algal abundance as chlorophyll a (Kalff 1983, Talling 1992), 
which may differ from regressions based on temperate lakes 
(Huszar et al. 2006). In large lakes, relationships can differ 
between offshore and inshore regions and implicate iron (Fe) 
as a co-limiting nutrient (North et al. 2008). In the Sudanese 
Nile system, there were suggestive correlations between the 
first cessation of population increase and observed mortality 
in dense populations of the diatom Aulacoseira granulata 
and the depletion of inorganic N (Prowse and Talling 1958, 
Talling et al. 2009). 
Beauchamp (1953) proposed that low sulphate concen-
tration was distinctive of many African freshwaters such 
as L. Victoria, and that there could, rather uniquely, be a 
consequent limitation on phytoplankton growth. Although 
there were later doubts regarding the magnitude of low 
sulphate concentration attributed to L. Victoria, later work 
showed that it was exceptionally low (3–4 μmol L-1) in 
the scale of global fresh waters yet indicated no limiting 
influence of sulphate in some experimental tests (Lehman 
and Branstrator 1994). During recent decades there has 
been a major nutrient enrichment of this lake (Hecky 1993), 
that has no parallel in such a large inland waterbody. Con-
sequences have been traced from sediment chemistry, 
nutrient concentrations in the water mass, offshore densities 
of phytoplankton and its activity in rates of photosyn-
thesis (Mugidde 1993), N fixation (Mugidde et al. 2003), 
accentuated deep deoxygenation (Hecky et al. 1994), and 
sequences in the pelagic food web (Lehman 1998, 2009). 
Some features in the water-mass, however, such as the 
elevated concentrations of chlorophyll a, may have been 
transient and are now subsided if recent fluorimetric meas-
urements in situ are accepted (Sitoki et al. 2010).
African lake waters richly exemplify a wide range 
of titration alkalinity or acid neutralizing capacity 
(<0.05–1500 meq L-1) and associated concentration of 
inorganic carbon, with high C concentrations probably in-
dispensible for the high photosynthetic rates per unit water 
volume measured in some soda lakes. These high rates 
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operate in association with extreme self-shading by the phy-
toplankton, a combination that allows a limiting approach 
to maximal photosynthetic productivity per unit area to 
be analysed (Talling et al. 1973). High photosynthetic 
performance in such condensed euphotic zones appears in a 
number of studies from African lakes and reservoirs (Talling 
1957, Melack and Kilham 1974, Ganf 1975, Melack 1981, 
Vareschi 1982, Lemoalle 1983) and has been related to 
regulation over a range of vertical light gradients and 
estimated fractional interception of underwater radiation 
by the phytoplankton (e.g., Lemoalle 1981). Comparisons 
over tropical Africa as a whole (Talling and Talling 1965) 
and within Ethiopia (Wood and Talling 1988, Kebede et 
al. 1994) show many chemical and biological correlates 
of a wide salinity series, including tolerance to high Na+ 
concentration at the upper end (Kebede 1997). Chemical 
contrasts between a relatively saline lake and a dilute inflow 
can mark complex patterns of water circulation, as in lakes 
Chad (Carmouze et al. 1983) and Turkana (Ferguson and 
Harbott 1982). Also known are circulation patterns from 
wind direction, such as the concentric pattern in Lake 
George (Viner and Smith 1973) shared by distributions of 
planktonic biomass (Burgis et al. 1973).
Apart from widespread evaporative concentration 
in closed drainage basins, high C concentration can be 
favoured geochemically by the unusual carbonatite volcanic 
rock in some African rift valley regions (Holmes 1978). In 
the western rift region, deep volcanic sources account for 
lakes and rivers with exceptionally high concentrations of 
soluble reactive phosphate (Talling and Talling 1965, Viner 
1975b), some of which is injected into the upper Nile from 
L. Albert, biologically likely to be  a P-saturated lake. They 
also lead to unusually high concentrations of potassium (to 
about 1500 μmol L-1) in an important group of major lakes, 
including Kivu, Edward, and Tanganyika, that may have 
biological consequences, possibly inhibitory for at least 
some planktonic chrysophytes (Lehman 1976), although 
these organisms are quantitatively abundant in the plankton 
of L. Tanganyika (Cocquyt and Vyverman 1994).
The concentrations of silicate-silicon encountered in 
most African fresh waters are high compared to those usual 
in most temperate lakes but not elsewhere in the tropics, 
where they can be related to tropically distinctive chemical 
weathering in soils. Evidence from African river waters, 
including time-courses of concentration versus discharge 
(Lesack et al. 1984), suggests the influence of large con-
tributory reservoirs of Si. However, some African lakes, 
including Albert (Talling 1963), are known to remove more 
than 90% of the soluble reactive silicon, mainly by diatom 
production, in the traversing water flow. 
Nutrient regeneration by the decomposition with miner-
alisation of biomass and subsequent dispersal has received 
diversified and quantitative study in the highly productive 
L. George, including studies on plankton (Golterman 1971, 
Ganf 1974a, Ganf and Blažka 1974) and sediments (Viner 
1975a, 1977). Contributions from terrestrial biomass may 
be enhanced by animal faeces, especially where there are 
rising water levels (McLachlan 1971) or diel movements of 
hippopotami (Viner 1975b, Kilham 1982).
Plankton dynamics
The absence of winter checks favours a year-round growing 
season (“endless summer” of Kilham and Kilham 1989) 
and in shallow lakes leads to examples where regular 
seasonality is not discernable (e.g., in lakes Nakuru and 
Elmenteita: Melack 1979, 1988), although longer-term 
trends can be pronounced. Several generalisations (e.g., 
Melack 1979, Talling 1986) regarding phytoplankton 
dynamics have been founded from, or find exception-
ally strong representation in, African lakes, reservoirs 
and rivers. Generalisations can include r and K strategies 
of population growth (Kilham and Kilham 1980) that 
have also been traced in African fishes (Ssentongo 1988). 
Further, in the absence of a seasonal radiation check it is 
possible to classify annual periodicity into systems of fun-
damentally hydrographic (water column structure) and 
hydrologic (water input–output) determination (Talling 
1986). The latter can be locally strong, but otherwise there 
is possible dominance by mixing–stratification alterna-
tions in lakes (Talling 1966, 1986, Robarts 1979) that can 
operate via nutrient and light availability and planktonic 
suspension. 
Relative growth responses to the nutrient concentra-
tions and ratios of P and Si, observed in cultures, have been 
extrapolated to the relative performance and abundance 
of some diatoms in African freshwaters (Kilham et al. 
1987). Several mixed communities have been resolved into 
coexisting species with contrasting (much or little) annual 
variation, interpreted on a wide logarithmic scale (Talling 
1966, 1986, Ganf 1974b). In the Nile, planktonic systems 
of seasonal change, reviewed by Talling et al. (2009), have 
been interpreted rather exceptionally from both temporal 
and repeated longitudinal sequences of observations (Brook 
and Rzóska 1954, Rzóska et al. 1955, Prowse and Talling 
1958, Talling and Rzóska 1967, Hammerton 1972, Sinada 
and Abdel Karim 1984, Habib and Aruga 1988, Mohammed 
et al. 1989). This combination has shown a downstream 
spread from year to year in the abundance of one cyano-
prokaryote (blue-green) in the Blue Nile during the 1960s 
(Hammerton 1972) and used to emphasise the probable sig-
nificance of “massive inocula” for species transmission and 
spread in the Nile system (Talling 2010).
During phases of extreme evaporative shallowing, 
there can be a planktonic shift in dominance to primarily 
benthic species of diatoms, as described for the shallow 
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lakes of Chilwa (Moss and Moss 1969) and Elmenteita 
(Melack 1988). Historically, it is interesting that long-
persistent phases of deep-water occurrence of the diatom 
genus Melosira (later Aulacoseira) were recognised from 
collections of Fűlleborn (1900) from L. Malawi, and by 
Worthington (1930) from L. Victoria, long before links of 
such distribution with meroplanktonic (i.e., incomplete 
planktonic) status was conclusively recognised in the genus 
(Lund 1954). 
Quantitative work on zooplankton populations includes 
the consequence of cycles of reservoir storage (Nile 
system: Rzóska et al. 1955, Talling and Rzóska 1967), of 
evaporative contraction and its reversal (L. Chilwa: Kalk 
et al. 1979), sequences in lakes with minimal environmen-
tal seasonality (L. George: Burgis et al. 1973; L. Naivasha: 
Mavuti 1990), and in those with marked temperature 
seasonality (L. Chad: Saint-Jean 1983). Some of the former 
lakes (e.g., L. George) have yielded examples of species 
with continuous reproduction and the same population 
stage-structure throughout the year for zooplankton, 
benthos, and some fishes. Tropical African lakes also 
include both early (Worthington and Ricardo 1936) and 
later (e.g., Begg 1976) work on daily vertical migrations. 
Those in lakes Kariba, Tanganyika, and Kivu relate to 
movement of a planktivorous fish (Limnothrissa miodon) 
subject to major fisheries that use attraction by artificial 
light. There is reported influence of the lunar cycle, known 
earlier for benthic invertebrates (Hartland-Rowe 1958), on 
such vertical migration in the Cahora Bassa reservoir on the 
Zambesi (Gliwicz 1986). Also of the less common “reverse 
migration” with ascent by day in L. Turkana (Worthington 
and Ricardo 1936, Ferguson 1982) influenced by diurnal 
wind stress, and the remarkable vertical amplitude (18 m) 
of daily migration by the colonial phytoflagellate Volvox 
in Cahora Bassa (Sommer and Gliwicz 1986). In contrast, 
vertical migration by zooplankton tended to be less marked 
or obscured in shallow, light-absorptive waters (e.g., a Nile 
reservoir: Rzóska 1968; L. Naivasha: Mavuti 1992).
Aquatic food chains
Dense and persistent phytoplankton is present in a number 
of shallow African rift lakes and is exploited by several 
vertebrate planktivores. This situation has been the subject 
of some in-depth quantitative analyses that are without 
close equivalents from other continents. Two are outlined 
below.
Lake Nakuru is a Kenyan soda lake well known for its 
abundant flamingos. The most numerous species, Phoe-
niconaias minor, feeds on phytoplankton by direct filtration 
by a pulsating buccal mechanism that was morphologi-
cally elucidated by Jenkin (1957). An energy budget was 
constructed by Pennicuik and Bartholemew (1973), which 
showed that the flamingo’s daily energy requirement could 
only be satisfied by high concentrations of the predomi-
nantly blue-green phytoplankton. It was taken much further 
experimentally by Vareschi (1978) and Vareschi and Jacobs 
(1984), with application to feeding populations of variable 
size over several years, including the consequences of 
inefficient filtration after a planktonic shift to much smaller 
algal dominants. They also interpreted quantitatively 
energy flow in the broader food web within this relatively 
simplified lake system of somewhat specialised trophic 
components (Vareschi and Jacobs 1985).
Lake George in Uganda was the subject of much 
ecological study during the International Biological 
Programme in 1966–1974. A quantitative study was made 
by Moriarty (1973) and Moriarty and Moriarty (1973a, 
1973b) of uptake and assimilation of carbon by the fishes 
Oreochromis niloticus and Haplochromis nigripinnis 
from the dense blue-green–dominated phytoplankton. 
They showed that, contrary to earlier opinion, an efficient 
utilisation of this food by the fishes did occur, facilitated 
by the daily attainment of low pH (to below pH 2) in the 
stomach. Once again, this utilisation can be set against a 
broad outline of trophic relations in the lake (Moriarty et 
al. 1973).
In L. Malawi, trophic classes have been related to the 
absolute abundances of size categories over 15 orders 
of magnitude (Allison 1996). Near the lowest end of this 
range, and based on lakes in Kenya and Ethiopia, there have 
been quantitative studies of feeding relationships involving 
protozoa and bacteria (Finlay et al. 1987, Gebre-Mariam 
and Taylor 1989). Near the upper end, there have been 
indications of an unusually high trophic transfer underlying 
fish production and the main fishery in L. Tanganyika 
(Hecky 1984), but where, more recently, planktonic biota 
have been extended by the discovery of an abundant pico-
plankton (Descy and Sarmento 2008).
Filter-feeding by bivalve molluscs with consequent 
growth has rarely been studied in any depth from tropical 
lakes. Notable examples from lakes Chad (Lévêque 1973a, 
1973b) and Kariba (Machena and Kautsky 1988, Kiibus 
and Kautsky 1996, Kautsky and Kiibus 1997) show that this 
component of the benthos is influential in the chemical and 
biological economy of the lake (Lévêque and Saint-Jean 
1983, Moreau et al. 1997).
Regarding stream macro-invertebrates, Dudgeon and 
Bretschko (1996) suggested that with tropical examples the 
functional category of “shredders” is less developed than in 
temperate regions. Recent work from a highland stream in 
Kenya described a conspicuous exception with an abundant 
river crab (Dobson et al. 2002).
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Colonisation of new waterbodies and 
species invasions
Work in Africa claims extent and distinction regarding the 
biological colonisation, under tropical conditions, of both 
very large man-made lakes and small ephemeral pools.
African man-made lakes as a whole have illustrated 
general trends of lake ontogeny under tropical conditions 
(Petr 1978). One of the first and largest of such lakes was 
L. Kariba (Moreau 1997), which had a major invasion of 
the surface-floating macrophyte Salvinia molesta, studied 
descriptively and experimentally by Mitchell (1969) and 
Mitchell and Tur (1975). Another invasive floating pest 
of wider significance in African rivers and lakes (Denny 
1985), including the Nile (Gay 1960), Zaïre and L. Victoria, 
is the water hyacinth Eichhornia crassipes. At Kariba there 
were wide-ranging studies of invertebrate colonisations by 
McLachlan, including the transient occupation of newly 
flooded and refilling areas by Chironomus transvaalensis 
(McLachlan 1970). Later McLachlan combined work here 
with that elsewhere in a broad survey of developing lake 
ecosystems in tropical Africa (McLachlan 1974). He sub-
sequently analysed divergent strategies of survival and re-
occupation of temporary rain pools by insects (McLachlan 
and Cantrell 1980, McLachlan 1983). These insects can 
have a flying stage for dispersal, but resistant resting stages 
are often essential. Such life-strategies are especially 
demanding with temporary rain pools colonised abundantly 
by phyllopod Crustacea within more arid tropical climates, 
such as those studied by Rzóska (1958, 1984) at Khartoum 
and, in lesser degree, those by Hildrew (1982) in Kenya. 
Africa has many seasonally intermittent streams whose 
biota are renewed by aerial recolonisation or from persistent 
resting stages (Harrison 1966, Hynes 1975).
Human-introduced species of fishes have had a major 
influence on African lakes (Moreau et al. 1988, Craig 1992, 
Pitcher and Hart 1995). In some places, as in upland lakes 
of Kenya such as L. Naivasha where changes from other 
alien organisms have been influential (Harper et al. 1990), 
this involves predominantly temperate species in cool yet 
tropical waters. Noteworthy have been the profound effects 
of the large predator Lates niloticus, the Nile Perch, on the 
fish communities of L. Victoria, which originally included 
several hundred endemic cichlids (Greenwood 1974, Witte 
et al. 1992). These effects have been in part contempora-
neous with, but in primary origin probably distinct from, 
the equally profound nutrient enrichment or eutrophica-
tion (Hecky 1993, Verschuren et al. 2002, Lehman 2009), 
although interactions have indubitably occurred (Hecky et 
al. 2010). 
Temperature as a gross ecological factor 
Although temperature is a familiar ecological factor of 
acknowledged importance, quantitative experimental 
studies based on a close-spaced series of regulated tempera-
tures are uncommon, particularly in Africa. Deductions may 
be made from study elsewhere, such as that of Butterwick 
et al. (2005) for specific growth rates and thermal limits 
of planktonic algae. This and other work showed that the 
common temperate, cosmopolitan diatom Asterionella 
formosa had a sharp upper temperature limit between 25 
and 26 oC, which could account for its apparent nonoccur-
rence in the lowland tropics, including those of Africa. 
Temperature of natural waters declines with altitude, 
a relationship documented for Africa where there are 
extensive but separated mountain and plateau regions 
(Löffler 1964, 1968, Talling 1992). Suggestively, 
Thomasson (1965) has suggested that from Africa it is 
possible to locate well-known temperate-zone species of 
algae at higher altitudes, compared with their absence from 
the lowlands, a difference less likely to be of chemical 
origin. Altitude also influences faunistic distributions over 
the temperate–tropical transition, an issue that has been 
examined for some protozoans, rotifers, and micro-crus-
taceans (Green 1972, 1994, 1995) from collections that 
included African lakes.
The density of water is strongly temperature-depend-
ent, and its magnitude affects the form and stability of lake 
stratification. In a Nile reservoir, measurements in different 
seasons (Talling 1957) enabled the direct comparison of 
patterns of a transitory diurnal stratification realised near 20 
and 30 °C.
Many physiological processes, including specific rates 
of photosynthesis, respiration, and growth are temperature 
dependent, with operating ranges of the temperature 
coefficient Q10 often near 2.0. There is some possibly cor-
responding experience from African material of notably 
high rates in the temperature range of 25–30 °C. These 
include specific rates of light-saturated photosynthesis 
by phytoplankton (Talling 1965, Ganf 1975), and specific 
increase rates near 30 °C of a rotifer (Pourriot and Rougier 
1975) and the micro-crustacean Moina micrura (Gras 
and Saint-Jean 1983, Saint-Jean and Bonou 1994) that 
correspond to population doubling in less than one day. 
However, there is also evidence from other groups in Africa 
(e.g., molluscs; Brown 1994) of the influence of contrary 
temperature compensation (Bullock 1955). More consist-
ently, African material (Burgis 1970, Gras and Saint-Jean 
1981) is notable among world-wide demonstrations of 
the decline of stage-development time with temperature 
for a variety of invertebrates, and was here applied to the 
estimation of zooplankton production in lakes George 
and Chad. Temperature sensitivity can also be anticipated 
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Goddeeris B, Coulter G. editors, Speciation in ancient lakes. Arch 
Hydrobiol Beih Ergebn Limnol. 44: 161-172. 
Coulter GW, editor. 1991. Lake Tanganyika and its life. Natural History 
Museum Publications, Oxford (UK): Oxford University Press. 
Coulter GW, Spigel RH. 1991. Hydrodynamics. In: Coulter GW, editor. 
Lake Tanganyika and its life. Oxford (UK): Oxford University Press. 
p. 49-75. 
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communities in the African Great Lakes. Rev Fish Biol Fisheries 
2:93-124. 
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Quaternaire saharien. Bull Inst Fr Afr Noire. 21:1105-1111.
Denny P, editor. 1985. The ecology and management of African 
wetland vegetation. Dordrecht (Netherlands): Junk. 
Descy JP, Sarmento H. 2008. Microorganisms of the East African Great 
Lakes and their response to environmental changes. Freshwater Rev. 
1:59-73.
Dobson MK, Magama A, Matooko JM, Ndegwa FK. 2002. Detriti-
vores in Kenyan highland streams: more evidence for the paucity of 
shredders in the tropics? Freshwater Biol. 47:909-919.
Dudgeon D, Bretschko G. 1996. Allochthonous inputs and land-water 
interactions in seasonal streams: tropical Asia and temperate 
Europe. In: Schiemer F, Boland KT, editors. Perspectives in tropical 
limnology. Amsterdam (Netherlands): SPB Academic Publishing. p. 
161-179.
Dufour P, Lemasson L, Cremoux JL. 1981. Contrôle nutritive de la 
biomasse du seston dans une lagune tropicale de Côte-d’Ivoire. 
II. Variation géographiques et saisonnières. J Exp Mar Biol Ecol. 
51:269-284.
Dumont HJ, editor. 2009. The Nile. Origin, environments, limnology 
and human use. Dordrecht (Netherlands): Springer. 
Elmer KR, Reggio C, Wirth T, Verhayen E, Salzburger W, Meyer A. 
2009. Pleistocene desiccation in East Africa bottlenecked but did 
not extirpate the adaptive radiation of Lake Victoria haplochromine 
in a widely used measure of specific production rate over 
extended periods, the production to biomass (P/B) quotient, 
but is confounded by the influence of organism size as well 
as contrary temperature compensation (African examples in 
Talling and Lemoalle 1998).
General remarks
This review attempted to select from tropical African 
situations examples that, sometimes uniquely, involve 
general issues in freshwater science. The choice is 
inevitably influenced by personal knowledge and 
experience; a full bibliography here is impractical. 
The information sought has varied modes of origin: 
from brief but intensive studies at a particular site, from 
long-continued sequences of observations, and from 
cross-comparison of information from many sites often 
arranged in seriation. All these approaches enable primarily 
descriptive studies to be extended; all three now have a con-
siderable representation in the limnology of tropical Africa.
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